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Question 1: Free-Response Question 15 points 
  
(a) For correctly drawing and labeling the electrostatic force in the downward direction 1 point 

 For drawing the normal force in the upward direction and a gravitational force in the 
downward direction 

1 point 

 Scoring Note: SF  is an acceptable label to represent the force that the platform exerts on the 

sphere 
 
Scoring Note: A maximum of 1 point may be earned if extraneous forces are included. 
 
Example Response 
 

 

 

 Total for part (a) 2 points 
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(b) For applying an equation of the forces at equilibrium consistent with the diagram drawn in 
part (a) 

1 point 
 

 Example Response 
 

0N E gF F F− − =  

 

 For substituting a sk x  or sk y  that represents the normal force   1 point 
 Example Response 

0Es gk x F F− − =  
 

 For substituting a correct expression that represents the electrostatic force 1 point 
 Example Response 

 20

1
4E

qQF
Hπε

=  

 

 For substituting a correct expression that represents the gravitational force 1 point 
 Example Response 

 
 gF Mg=  

 

 Example Solution 
 

20

20

0

1
4
1

4

N E g

N E g

s

ss

F F F
F F F

Qqk y Mg
H

Qq Mgy kk H

πε

πε

− − =

= +

= +

= +

  

 

 

 Total for part (b) 4 points 
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(c)(i)            For a line that approximates the trend of the data 1 point 
  Example Response 
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(c)(ii) For using two points from the trend line drawn by the student to calculate the slope 1 point 
 Scoring Note: Points of data may be used only if points of data are located directly on the 
line. 
 
Example Response 
 

( )
2

2 2

3

Slope

( )Slope
1

0.15 m 0.12 mSlope
1 120 0 

m m
Slope 0.0015 m

y
x

y

H

∆=
∆
∆=
 ∆ 
 

−
=
 − 
 

=

 

 

 For indicating the relationship between the slope of the graph to 0ε  in the equation

20

1
4 ss

Qq Mgy kk Hπε
= +  

1 point 

 Example Response 
 

20

0
slope

1
4

4

ss

s

Qq Mgy kk H
Qq

k

πε

πε
 =

=




+




 

 

 For correctly substituting the value of the slope of the graph and other given quantities into 
the equation to calculate an experimental value of 0ε  

 
Scoring Note: A numerical response without units may earn this point. 

1 point 

 Example Solution 
 

( )
( )( )

0

0

26

0 3

2
12

0 2

slope 4

4 (slope)

2 10 C
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(c)(iii) 
For identifying that the y -intercept = 

s

Mg
k   

1 point 

 For correctly substituting the value of the y -intercept of the graph and other given quantities 
and constants into the equation to calculate an experimental value of M  
 
Scoring Note: A numerical response without units may earn this point. 

1 point 

 Example Response 
 

2

-intercept = 0.12 m

-intercept =

(0.12 m)(25 N/m)
9.8 m/s

0.30 kg

s

y
Mgy k

M

M

=

=

  

 
 
 
 
 
 
 
 
 
 
 

  Total for part (c) 6 points 
(d)(i) For selecting “ 2 1y y< ” with an attempt at a relevant justification 1 point 

 For a justification that indicates correct charge rearrangement in Sphere C  due to 
electrostatic force from Sphere A   

1 point 

 Example Response 
 

2 1y y< , Charges are now free to move within Sphere C  now that it is a conducting sphere. 
Electrons on Sphere C  will be attracted to the excess positive charges on Sphere A  and 
move closer to Sphere A .  This leaves the opposite side of Sphere C  more positively 
charged which results in less electric repulsion between the spheres and as a result less 
compression in the spring.   

 

(d)(ii) For drawing an upward pointing arrow  1 point 
 Example Response 

 

 
 

 

 Total for part (d) 3 points 

 Total for question 1 15 points 
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QU&Mlon 1' 

Conttnue your response to QUESTION 1 on this page. 

(a) On the followin& dot that� Sphete B in the fiaure on the previous pqe. draw and label the fon:es
(nOI components) that are oxorted on Sphere B. Bach force must be represented by a distinct arrow ltartina on, 
and poindna away from, the dot. 

GO ON TO THS NEXT PAGE. 

Use a pencil or a pen wl1h b&ac:k or dark blue. Ink. Oo NOT write your name. Oo NOT wrtte ouliidt the box. 
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Questlon1 

. ' 
Continue your response to QUESTION 1 on this page. 

(d) The students modify the expedment by rq,Jacina DOllCOllductina Sphere B with cooductina Sphere C that bas
the same c:huae +Q and mass M. Sphere A ls brouabt near Sphere C without touchina, compressina the 
sprina. Spheie C comes to rest. 

i. In the odainll experiment, when the centcra of spheres A and B are a vertic:al diataDce Hi apart, tho
lprina is oomprwod a distanoo Yr In the modified experiment. when tho centers of spheres A and C are a
vertical distlilCe Hi apart, the spr1DI is compressed a distance y2•

Is y2 greater than. loss tban. � equal to y1 7

- Y2 > Y1 ✓ >'2 < >'1 - Y2 • Y1

Justify your answer. I .. } ') L 

s;� G ;� �,.�· +� � �,r'-'\A£­
�� � � ��-lo .rrr-•­

�� � �� � e,l�, 
� ;� s�lv �I �0 � �� � -ft, �

{uf � :fw)( 

ii. Sphere C is then grounded with a wire. On the following figure, draw an mow indicating the direction
that the platform will move immediately after being grounded. If the platform rmnains 11:atioouy, write
"doe& not move."

r 

00 ON TO THE NEXT PAGE. 

Use a pencil or a pen with bin or dartc blue Ink. Do NOT 'Mite your name. Do NOT wrtte outside the box.

• • • •••• 
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Queatlon It

Continue ) ) Jr response to QUESTION 1 on this page. 

(a) On the followina dot that. Sphere B in tho figure OD the previous Ne. draw and label the fOl'CCJ
(not compooenta) that are exerted � 11 Sphere B. Bach force must be represented by a distinct mow l1mtina on. 
and pointina away from, the dot. 

·•n

-

-

-

-

- . 
-

-

-

-

-

-

-

-

-

-

I� -

(b) Derive the relaliooship between y hd H to show that y • -1- Qq
2 

+ Mg.
4AQ lc,H k, 

f s-:: klxl f =-�,

f _ _L lt,,i
E - 't1rEo r,. 

tf�o 

V M .-L.. Q"-o 
t-. s y - ,., g - 't1T'E' 1-1� -

k�y=- M� +,�i,,-
Mf) �- <lit 

'( = ks + ���o k,li1 
Pages 00 ON TO 1MB NEXT PAGE. 

• • ••

-

-
•''4 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- . 
-

-

-

• cat1• 

••••• 
•• • • • • •• • ·-

-



PC EM Q1 Sample 1B   Page 3 of 4



• 

PC EM 01 Sample 1B Page 4 of 4 

Qu..Uon 1 

Continue r response to QUESTION 1 on this page. 

(d) The ltUdenta modify the ex:pedme,i by repltcina nonconductlng S� B with coaducdna Sphete C that Im
the same dlarae +Q and mus M Sphere A is brouabt near Sphere C without toucbina, eomprcssiq the 
sprina. Sphere C comes to rest. 

i. In the oriahw � wlleh the centers of spbera A and B are a vatical distaD0o Hi apart, the
spring is compmsed a distallce r In the mocUficd expciaimem, when tho centen of sphcrea A and C are a
vertical distance H1 apart, the spctna is � a distance y2. 

h y2 greatmdm.leuehan.oreqllllto y1 7 

- Y2 > Y1 - >'2 < 1 _j__ >'2 = >'1

Justify your answer.

W'ke-the,- :+ r, II c,,.i11ri'ltt, .,. !)Oft(M' k6/1t1- Istre- . .

-they bot� 1ct as • ,,in+ qh_,.,t, ih,n'Fr.t 
I\O/lna1

Ch01',•S 
' 

s.J her t+ stn, has +h, l•ltlt di.,,.,, ,,.� ,,.,,,.

ii. Sphere C iJ then grounded a wire. On the following figure, draw an mow tnc&attn, the direction
that the platform will move • after beina pounded. JI the platform remains stldi<mry, 
"cloet not move."

I 
00 ON TO THE NEXT PAGE. 
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Queatlon 1 

Continue your rasponae to QUE8'T10N 1 on this page. 

(a) On the followina dot that represents Spbe.re B in the figure on the previous page, draw and J,abe1 the forces
(not components) that are exerted on Sphere B. Bach force must be represented by a distinct arrow startina on.
and pointina away from. the dot

(b) Derive the relationship between y and H to show that y = -
1
- Qq

2 
+ Mg_

4ao k,H k,

1v
= 

�

r 

GO ON TO THE NEXT PAClE. 

UM a pencil or a pen wtth black or dark blue Ink. Do NOT wrtte your name. Do NOT wt1tt outakSe the box. 

• ca.iAI 
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Question 1 -

Continue your reeponse to QUESTION 1 on thlt page. 

(d) The studenta modify the experiment by replaclna nonconducting Sphere B with cooductina Sphere C that bas
the same charge +Q and mass M. Spbae A is brouaht near Spbae C without touching, compreuina the 
sprina. Sphere c comes to rest

i. In the oriainal experiment. when the centers of spbarea A and B are a vertical dimnc:e Hi apart, the
spriq is comprcased a distance Yr In the modified experiment. when the centen of spheres A and C arc a
vertical distance H1 apart, the spnna is compreased a distance y

2
•

Justify yom answer. 

�\"' ((.

O.n<.A �n� 

- Y:z =y1

·u no11 ( onclutf r, '1

�A-Jtcc\d d t 

'rt{H\\\V\�. (CA..l\l\CA--Vlt''Y su MV(� I \(> he-re_ 

� w i \ , , (\e,hJ c-t �il \'\ e N rr . rv, � t r � 1 
\-N,, Yv'(\'A� \�s l 

ii. Sphere C is then grounded with a wire. On the following fiaure, draw an arrow indicatin& the din,ction
that the platform will move immediately after beina pounded. If the platform remains stationary, write
"doea not move."

Sphc,.A
� 

00 ON TO THE NEXT PAGE. 

UM a P9"()11 ot a pen wtth black or dark blue Ink. Do NOT wrftt your n&IM. Do NOT write outside the box. 
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Question 1 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

The responses were expected to demonstrate the ability to: 
• Draw a free-body diagram indicating the forces exerted on a nonconducting, positively charged sphere 

resting on a spring-loaded platform near another positively charged sphere with correct directions and 
appropriate labels.

• Derive the relationship between the distance the spring will compress at equilibrium and the distance H 
between the two charged spheres to validate a given expression for distance d in terms of H .

• Draw a best-fit line that shows the trend of given data.
• Calculate the slope of the best-fit line and use the slope to find an experimental value of permittivity.
• Use the y-intercept of the best-fit line to calculate an experimental value for the mass of the sphere.
• Make a claim and provide justification for how charges move on a conducting sphere when near another 

charged sphere.
• Draw a representation of the motion of the grounded conducting sphere.

Sample: 1A 
Score: 15 

Part (a) earned 2 points. The first point was earned for including the electrostatic force from Sphere A  on Sphere B  
labeled and in the correct direction. The second point was earned for including both the gravitational force and the 
spring force correctly labeled and in the correct directions. Part (b) earned 4 points. The first point was earned for 
indicating that the net force is zero. The second point was earned for correctly substituting an expression for the 
spring force using the given variables. The third point was earned for correctly substituting an expression for the 
electrostatic force using the given variables and constants. The fourth point was earned for correctly substituting an 
expression for the gravitational force using the given variables and constants. Part (c) earned 6 points. The first point 
was earned for drawing an appropriate trend line. The second point was earned for correctly calculating a slope 
value from the drawn trend line. The third point was earned for correctly relating the slope of the trend line to the 
equation so that a value for permittivity can be calculated. The fourth point was earned for correctly substituting the 
slope of the trend line and given values in an expression such that an experimental value of permittivity could be 
calculated. The fifth point was earned for correctly identifying the relationship between the y -intercept of the trend 
line and the mass of the sphere. The sixth point was earned for correctly substituting the y -intercept of the trend line 
along with given variables and constants into an expression such that an experimental value of the mass of the 
sphere could be calculated. Part (d) earned 3 points. The first point was earned for correctly indicating 2 1y y<  and 
attempting a relevant justification. The second point was earned for providing a correct justification referring to the 
charge rearrangement of Sphere C . The third point was earned for indicating the correct upward direction. 
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Question 1 (continued) 

Sample: 1B 
Score: 8 
 
Part (a) earned 2 points. The first point was earned for including the electrostatic force from Sphere A  on Sphere B  
labeled and in the correct direction. The second point was earned for including both the gravitational force and the 
spring force correctly labeled and in the correct directions. Part (b) earned 4 points. The first point was earned for 
indicating that the net force is zero. The second point was earned for correctly substituting an expression for the 
spring force using the given variables. The third point was earned for correctly substituting an expression for the 
electrostatic force using the given variables and constants. The fourth point was earned for correctly substituting an 
expression for the gravitational force using the given variables and constants. Part (c) earned 1 point for drawing an 
appropriate trend line. The second point was not earned because the response does not correctly calculate a slope 
value from the drawn trend line. The third point was not earned because the response does not correctly relate the 
slope of the trend line to the equation so that a value for permittivity can be calculated. The fourth point was not 
earned because the response fails to substitute the slope of the trend line and given values in an expression such that 
an experimental value of permittivity could be calculated. The fifth point was not earned because the response fails 
to identify the relationship between the y -intercept of the trend line and the mass of the sphere. The sixth point was 
not earned because the response does not correctly substitute the y -intercept of the trend line along with given 
variables and constants into an expression such that an experimental value of the mass of the sphere could be 
calculated. Part (d) earned 1 point for indicating the correct upward direction. The second point was not earned 
because the response did not indicate the correct choice. The third point was not earned because the response fails to 
provide a correct justification referring to the charge rearrangement of Sphere C . 
 
Sample: 1C 
Score: 4 
 
Part (a) earned 1 point for including the electrostatic force from Sphere A  on Sphere B  labeled and in the correct 
direction. The second point was not earned because the response does not have the gravitational force labeled and in 
the correct direction. Part (b) earned no points. The first point was not earned because the response does not indicate 
that the net force is zero. The second point was not earned because the response does not substitute an expression for 
the normal force using the given variables. The third point was not earned because the response does not substitute 
an expression for the electrostatic force using the given variables and fundamental constants. The fourth point was 
not earned because the response incorrectly substitutes an expression for the gravitational force using the given 
variables and fundamental constants. Part (c) earned 1 point for drawing an appropriate trend line. The second point 
was not earned because the response does not correctly calculate a slope value from the drawn trend line. The third 
point was not earned because the response does not correctly relate the slope of the trend line to the equation so that 
a value for permittivity can be calculated. The fourth point was not earned because the response fails to substitute the 
slope of the trend line and given values in an expression such that an experimental value of permittivity could be 
calculated. The fifth point was not earned because the response fails to identify the relationship between the y -
intercept of the trend line and the mass of the sphere. The sixth point was not earned because the response does not 
correctly substitute the y -intercept of the trend line along with given variables and constants into an expression such 
that an experimental value of the mass of the sphere could be calculated. Part (d) earned 2 points. The first point was 
earned for correctly indicating 2 1y y<  and attempting a relevant justification. The second point was not earned 
because the response does not provide a correct justification referring to the charge rearrangement of  
Sphere C . The third point was earned for indicating the correct upward direction. 
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